Introduction
Surgical navigation has gained wide clinical appreciation. Targeting anatomical structures or pathological lesions around the skull base promises to be highly useful, because shift of soft tissue during surgery (as in brain surgery) usually does not occur due to fixation of the targets within or at the rigid bony structure. For clinical acceptance, not only technical accuracy of the navigation device but also the robustness and effectiveness of a perioperative workflow as well as the impression of the surgeons whether the technical adjunct supports his/her surgical goal with an acceptable amount of time for setup might influence the implementation of skull base navigation for routine use. Therefore, we asked skull base surgeons in Germany for their habits and indications for skull base navigation in their respective departments.
Methods
We defined nine questions regarding the routine use of navigation at the lateral skull base as a web-based electronic questionnaire (Survey Monkey, ►Appendix A). The presidents of the German Societies of Maxillo-Facial Surgery, ENT-Head and Neck Surgery, Neurosurgery, and the German Skull Base Society agreed to address this questionnaire to all their respective members classified as head of department. These members were contacted directly by their societies and a detailed instruction was offered along with the link to the web-based questionnaire. Data entry was anonymous. Members were instructed to answer the questionnaire only once in case of membership in more than one of the involved societies.
Statistics
The database was analyzed by explorative statistical analysis (JMP 12.1.0, SAS, Cary, North Carolina, United States). Correlations were calculated using logistic regression models. Intergroup analysis of quantitative data was calculated using least squares F test. Categorical response analysis was used to analyze multiple items from different data categories for potential clusters. Level of error p < 0.05 was accepted as significant.
Results
Replies from 99 colleagues were entered into the database. Data sets with missing information were excluded from the final analysis (n ¼ 10; drop outs due to missing specialty: n ¼ 1, missing information on surgery estimates: n ¼ 9 [ENT: 7; neurosurgery: 1; maxillofacial surgery, MaxFacs: 1]). Eighty nine datasets were used for final analysis.
Basic Information (Q1, Q2)
Head of departments of 43 neurosurgical departments (48.3%), 36 ENT departments (40.4%), and 10 MaxFacs departments (11.2%) replied. Departments were located at university hospitals (46), academic teaching hospitals (39), and other institutions (4). In neurosurgery, more academic teaching hospitals contributed to the survey compared with university hospitals, whereas university hospitals dominated replies in ENT and maxillofacial departments (p ¼ 0.004; nominal logistic regression; ►Fig. 1).
Type of Navigation Used (Q7)
Optic navigation is preferred over magnetic navigation over all (71 and 19, respectively) and within each specialty (►Fig. 2). In addition, integration of the surgical microscope into navigation is used in 34 departments (38%). Thirty seven percent of surgeons use navigation on a routine basis (neurosurgery: 15/43; ENT: 13/36, MaxFacs: 5/10), whereas 15% of participants do not use navigation at all in lateral skull base surgery.
Middle Fossa Surgery and Navigation (Q3, Q5)
The estimated surgical case load at the middle fossa was significantly different between specialties with a higher case load in neurosurgery compared with ENT and MaxFacs (p < 0.001, ordinal logistic model) as well as between institutions with a higher case load in university hospitals (ENT) and academic teaching hospitals compared with other hospitals (p ¼ 0.005, ordinal logistic model) (►Fig. 3).
Correlation of estimated surgical case load and percent navigation used revealed a bimodal distribution at ENT centers with either rare use of navigation or near routine Fig. 1 Counts of contributions of each specialty (maxillofacial surgery; ENT surgery; neurosurgery), split by the institution. Fig. 2 Counts of type of navigation system used (magnetic tracking; optical tracking; microscope integration), split by specialty.
use of navigation at the middle fossa (►Fig. 4). In neurosurgery, the percent use of navigation was higher and independent from the estimated case load (►Fig. 4).
Posterior Fossa Surgery and Navigation (Q4, Q6)
The estimated surgical case load at the posterior fossa was significantly different between specialties with higher case load in neurosurgery compared with ENT and MaxFacs (p < 0.001, ordinal logistic model) as well as between institutions with higher case load in university hospitals (neurosurgery) compared with academic teaching and other hospitals (p < 0.001, ordinal logistic model). (►Fig.
5)
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centers with lower caseload, but low percentage of navigation in larger centers (►Fig. 6). In neurosurgery, the use of navigation was low with only 10 centers using navigation in more than 60% of cases (►Fig. 6).
Reasons for Omission of Navigation (Q9)
Asked for reasons for not using navigation (at all or in certain cases), insufficient intraoperative support by navigation ("doesń t help") was reported mostly by neurosurgeons. Inaccuracy was mentioned more often by ENT compared with neurosurgeons (trend; p ¼ 0.068; Poisson Chi 2 ). The ENT group significantly more often classified navigation as "complicated" compared with neurosurgery (p ¼ 0.038; Poisson Chi 2 ). A positive vote as "always using navigation" was chosen by 15 neurosurgeons (34.9%), 13 ENT surgeons (36.1%), and 5 MaxFacs (50%) (►Fig. 7).
Estimation of Navigation Inaccuracy (Q8)
Objections to the use of navigation because of the impression of inaccuracy were significantly higher in the ENT group compared with neurosurgeons (p ¼ 0.017; least squares FTest). Within each specialty, there was no significant difference between institutions. Departments that do not use navigation report a significantly higher rate of inaccuracy compared with departments using navigation (p ¼ 0.032; least squares F-Test) (►Fig. 8). Type of navigation (i.e., magnetic vs optical tracking) did not relate to the estimation of inaccuracy (data not shown).
Descriptions of inaccuracy ("not accurate," "doesn't help"; Q9, multiple answers possible) were predominant in the ENT group using navigation rarely (in < 40% of cases) at the middle fossa (n ¼ 16/56) and posterior fossa (n ¼ 16/55), whereas 10 ENT and neurosurgeons stated using navigation "always" reported to use navigation in more than 60% of cases (►Figs. 9 and 10).
In neurosurgery, terms of inaccuracy as described above are reported rarely (n ¼ 6/51) at the middle fossa, but more often at the posterior fossa (n ¼ 15/51). Interestingly, five neurosurgeons stating routine use of navigation at the posterior fossa also state to use it in less than 40% or 20% of cases, which points toward incoherent comments to similar questions (►Figs. 9 and 10). Fig. 7 Relation of reasons for not using navigation, split by specialty. Absolute number of answers (multiple answers possible). Fig. 8 Estimation of inaccuracy (in percent of cases), split by specialty and institution. Box-and-whisker plot; blue: departments using navigation. Red: departments not using navigation.
Multidimensional Analysis (Correlation of Specialty, Type of Institution, and Reported Need of Navigation)
Categorical response analysis was used to analyze the relation of types of specialty, institution, and statement for not using navigation as reported by the heads of department for potential clusters. Visual three-dimensional analysis revealed two clusters. Cluster 1 comprises of "ENT" close to the navigation items "complicated" and "not accurate" and the navigation type "magnetic." Cluster 2 comprises of "neurosurgery" close to the navigation item "doesń t help" and the navigation type "optic" and "scope integration." The type of institution and the specialty of MaxFacs did not relate to distinctable clusters in this analysis (►Fig. 11A, B)
Discussion
Based on estimates within the respondent group of surgeons clinically active at the lateral skull base in Germany, surgery at the middle and posterior fossa is more often performed in neurosurgical departments compared with ENT departments. This estimation, however, looks skewed. Given that mastoidectomies in ENT are performed in high numbers on a daily and routine basis without the need for navigation, navigation is reserved for special complex cases (e.g., cholesteatoma with extension to the petrous apex or complex tumors). Also, extended skull base procedures are performed in a limited number of ENT departments, only. Therefore, this difference of case load between specialties might be interpreted as looking at a specific group of patients within each specialty, in which navigation might be considered as a valid option and addition to the surgeons' needs, but not all patients with skull base procedures. This consideration might complicate the discussion of case load, but does not affect the analysis of philosophy to use of navigation and reason for or against this technology in different departments and specialties. The survey data from MaxFacs are relatively sparse and are, therefore, not discussed in detail. It seems that navigation at the lateral skull base has its place in this specialty, but mainly in a few university centers.
Magnetic navigation was less used compared with optic systems, but the estimation of the proportion of cases with inaccurate navigation did not differ between both navigation systems (data not shown). Inferior laboratory accuracy has been published for magnetic tracking at the lateral skull base, 1 but identification of 45% (middle fossa) and 65% (translabyrinthine approach) of landmarks with less than 0.5 mm target registration error in cadavers was recently reported.
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In this survey, navigation is reported to be used more often at the lateral skull base in neurosurgery, especially at the middle fossa. The difference to the percentage of navigation used in posterior fossa surgery is striking, where navigation is less in favor. This differentiation of the use of navigation between lateral skull base areas is reflected by neurosurgery as a relatively homogenous group. At the posterior fossa, inaccuracy issues are prominent within the group of neurosurgeons using navigation in less than 20% to 40% of cases, and this is reflected within the ENT group as well. Middle fossa, however, is completely different. Inaccuracy is less an issue and the proportion of neurosurgeons using navigation often is high.
ENT surgeons, however, are "split" in two groups. This is more prominent in middle fossa compared with posterior fossa procedures. At the middle fossa, inaccuracy is clearly an argument of a group ENT surgeons using navigation in less than 20% to 40% of cases. This may reflect findings from a retrospective study on 41 patients with temporal bone navigation, where intraoperative support by navigated distance control or navigated control of the drill was reported as necessary for the surgery by the ENT surgeon in 17% of cases. However, those using navigation often or always do not point out accuracy problems in our survey.
Despite a lot of possible interpretations for this difference at the middle fossa, two hypotheses can be put forward.
Neurosurgeons might be less experienced in the complex anatomy of the middle fossa and, therefore, might rely more on image guidance support than ENT surgeons. This would explain the difference in the proportion of navigation, but not in the perception of potential or real inaccuracy.
The strategic concept of each surgery (i.e., removal of tumors attached to the middle fossa as meningiomas or petrous apex "transit" to retroclival targets vs facial nerve decompression at the geniculate ganglion or targeting of the cochlea for cochlea implant positioning) was not analyzed in this survey. This might influence the purpose of using navigation significantly. Navigation accuracy might be sufficient for a middle fossa approach to a small petroclival meningioma for a neurosurgical purpose, but insufficient for drilling the internal acoustic canal safely without bluelining the superior semicircular canal in a flat middle fossa for an ENT purpose. This example may illustrate a potential difference of expectations on navigation depending on the surgical goal: to "get safely around" or to "stay out" of an anatomical detail in lesions on the surface of the middle fossa (i.e., meningioma) versus to "precisely encounter" the lesion within the lateral skull base (i.e., semicircular canal/ cochlea).
In our interpretation, there is not a single concept of "the navigation." It is a surgical tool with a different supportive impact to the skull base surgeon depending on the surgical goal and strategy-there are many "navigation scenarios." In cases of a regular anatomy, navigation with average accuracy based on surface matching might speed up the surgical procedure (i.e., suboccipital craniotomy 4 ) while protecting eloquent anatomy (in combination with neuromonitoring). It is important to note that the registration error at known targets, not the overall root mean square error, helps to estimate the actual accuracy. This "hesitation" of implementation of navigation in ENT departments due to restrictions in accuracy calls for further improvements in the field of image guidance registration to the patient. Since empowered surgical assistance devices gain more acceptances in surgery, 13 the topic of high accuracy image guided surgery in clinical routine at the lateral skull base might warrant even more attention.
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Conclusions
This survey demonstrates a moderate clinical use of navigation at the lateral skull base. Estimation of insufficient accuracy leads a large part of ENT surgeons to refrain from navigation at the middle fossa (but not neurosurgeons) and posterior fossa (also neurosurgeons). Higher intraoperative navigation accuracy in the clinical setting is needed to spread the use of navigation (and other image-guided technologies such as assistance systems or robotics) at the lateral skull base.
